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験では，条間 60cm 株間 35cm1 条植え（栽植密度 4762
本 /10a）であったのに対し，津市一志町の生産者圃場で
は，株間 30cm で畝間 150cm 畝面条間 60cm の 2 条植






生育調査は，結球重数 g～数十 g の結球開始期～結球

























± 0.03，Ichishi2005-1 で 2.83 ± 0.44，Ichishi2005-2
で 4.77 ± 0.20（いずれも，乾物重あたり％（g/g），平均










ΔTDW ＝ DIR × RUE (1)
（ΔTDW (daily increase of top dry weight)：地上部乾物重













DIR ＝ S × AA (2)






ΔHDW ＝ ΔTDW × DDH (3)
Table 2　Daily air temperature after ﬁrst sampling in the nine datasets.
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（ΔHDW (daily increase of head dry weight)：結球部乾






ΔHFW ＝ ΔHDW × FDH (4)
（ΔHFW （daily increase of head fresh weight）：結球部生
体重日増加量，FDH (ratio of fresh-weight increase to dry-
weight increase of head)：結球部のFD 比（g/g））とした．
2　生育過程に対する環境条件や他の生育要素が及ぼ
す影響を表すモデルパラメータ
前述したように Anou2005 および Ichishi2005-1 では
顕著な結球不良が生じていた．そこで，以下のモデルパ












を当該期間の DIR の積算値で除して求めた RUE の期間
平均値と当該期間の平均気温との間に，相関係数 0.2757
の弱い正の相関が見られた．また，生育後半に低温に遭
Fig. 1 Relationship between top dry weight increase of cabbage and intercepted solar 
radiation per plant from start of head formation to harvest in each dataset.
Approximate lines passing through the origin and coefﬁcients of determination for each dataset 
are as follows: 
Ano2002 :  y = 0.966x  R² = 0.8885
Ano2005 :  y = 1.074x  R² = 0.9264
Ano2006 :  y = 1.187x  R² = 0.9943
Ichishi2003 :  y = 1.301x  R² = 0.9906
Ichishi2005-1 : y = 1.033x  R² = 0.9746
Ichishi2005-2 :  y = 1.154x  R² = 0.9446
Ichishi2006-1 :  y = 1.126x  R² = 0.9954
Ichishi2006-2 :  y = 1.124x  R² = 0.9977























には，ΔTDW の大部分が ΔHDW に占められる，すなわ









ΔHLN ＝ HLN.temp × temp (7)
（HLN.temp はパラメータ）
DDH に関するパラメータも，RUE のそれと同様に





DDH と HLN との関係および連続する 2 回の生育調査
間での結球部乾物重の期間増加量を当該期間の地上部乾
物重の期間増加量で除して求めた DDH の期間平均値を
当該期間の平均 HLN に対してプロットしたものを Fig.3
に示した．
Fig. 2 Predicted and observed radiation-use efﬁciencies 
(RUEs) versus daily mean air temperature. 
Observed RUEs are calculated from data of 2 
adjacent growth investigations (e.g, on 2006.1.12 
and 2006.1.29), and plotted against periodic mean 
air temperature. RMSE = root-mean-square error.
Fig. 3 Predicted (　　) and observed ( ○ ) distributions 
of dry matter to head (DDHs) versus head leaf 
number (HLN). Observed DDHs are calculated 
from data of 2 adjacent growth investigations 















FDH に関するパラメータも，RUE や DDH のそれと
同様に Microsoft Excel のソルバー機能（GRG 非線型オ
プション）を用いて，結球部生体重のシミュレーション
値と実測値の誤差平方和が最小となるように定めた．そ









ンを行い，Anou2005 と Ichishi2005-1 を除く各データ
セットにおける収穫時と生育調査時点（Table 1）での実
Fig. 4 Predicted and observed ratios of fresh-weight 
increase to dry-weight increase of head (FDHs) 
versus daily mean air temperature. Observed 
FDHs are calculated from data of 2 adjacent 
growth investigations and plotted against 
periodic mean air temperature. RMSE = root-
mean-square error.
Fig. 5 Schematic of the model describing the increase 
in top dry weight (TDW), head dry weight 
(HDW), and head fresh weight (HFW) of winter 
cabbage ,where, AA : Allocated area to each 
plant, DIR: Daily intercepted solar radiation, 
RUE: Radiation-use efﬁciency, HLN: Head leaf 
number, DDH: Distribution of dry matter to 
head and FDH: Ratio of fresh-weight increase 
to dry-weight increase of head.
Table 3 Values of parameters used for determination 


































Fig. 6 Relationship between observed and predicted 
top dry weights of all datasets in Table 1 except 
Anou 2005 and Ichishi 2005-1. MRE = mean 
relative error.
Fig. 7 Relationship between observed and predicted 
head dry weights of all datasets in Table 1 
except Anou 2005 and Ichishi 2005-1. MRE = 
mean relative error.
Fig. 8 Relationship between observed and predicted 
head fresh weights of all datasets in Table 1 













































Fig. 9 Predicted and observed head fresh weights (FW) and dry weights (DW) in the Ichishi2005-2 dataset.
　 Head FW predicted from simulation initiated on ﬁrst investigation date
● Observed head FW with 95% CI
… Head FW predicted from model simulation initiated 47 days before harvest with measured head FWs
--- Head DW predicted from simulation initiated on ﬁrst investigation date
○ Observed head DW with 95% CI
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Development of a Growth Model for Prediction of Top Dry Weight,
Head Dry Weight and Head Fresh Weight of Cabbage
Grown in Winter Season
Kunihiko Okada and Hidekazu Sasaki
Summary
We developed a growth model to predict the increase in top dry weight (DW), head DW, and head fresh weight 
(FW) of winter cabbage. Daily dry matter production is derived from the product of daily intercepted solar 
radiation and radiation-use efﬁciency and photosynthate is distributed to the head according to head maturity 
(head leaf number). Head FW is calculated by assuming that the ratio of FW increase to DW increase of the head 
is a function of the daily mean air temperature. In simulations from the head formation stage (>2 months before 
harvest), the model predicted top DW, head DW and head FW with low mean relative errors of 4.2%, 9.8%, and 
15.4% respectively. 
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